During an earthquake, the physical and the chemical transformations along a slip zone 23 lead to an intense deformation within the gouge layer of a mature fault zone. Because the gouge 24 contains ferromagnetic minerals, it has the capacity to behave as a magnetic recorder during an 25 earthquake. This constitutes a conceivable way to identify earthquakes slip zones. In this paper, 26
we investigate the magnetic record of the Chelungpu fault gouge that hosts the principal slip 27 zone of the Chi-Chi earthquake (M w 7.6, 1999, Taiwan) using Taiwan Chelungpu-fault Drilling 28
Project core samples. Rock magnetic investigation pinpoints the location of the Chi-Chi mm-29 thick principal slip zone within the 16-cm thick gouge at ~1 km depth. A modern magnetic 30 dipole of Earth magnetic field is recovered throughout this gouge but not in the wall rocks nor in 31 the two other adjacent fault zones. This magnetic record resides essentially in two magnetic 32 minerals; magnetite in the principal slip zone, and neoformed goethite elsewhere in the gouge. 33 We propose a model where magnetic record: 1) is preserved during inter-seismic time, 2) is 34 erased during co-seismic time and 3) is imprinted during post-seismic time when fluids cooled 35 down. We suggest that the identification of a stable magnetic record carried by neoformed 36 goethite may be a signature of friction-heating process in seismic slip zone.
INTRODUCTION 38
The Chi-Chi earthquake (M w 7.6, 21 September 1999) is the largest inland earthquake to 39 hit Taiwan during the last century. The ~85 km rupture along the Chelungpu thrust extends from 40 the North to the South (Fig. 1A) . >400°C. Assuming that magnetite formed by nucleation-growth process, we expect that 54 magnetite has the capability to record durably Earth's magnetic field. To check the existence of 55 this record, we present a paleomagnetic and rock magnetic investigations of the three major fault 56 zones within TCDP hole B. We identify for the first time a magnetic record that is directly 57 related to a large magnitude earthquake. This magnetic record is carried by magnetite within the 58 PSZ and neoformed goethite in the entire gouge. 59
METHODS 60
In 2008, U-channels (plastic box of ~20 cm long and 2 × 2 cm large) were used as core 61 samples from the working half of TCDP hole-B within the gouge layers of the three FZB1136 62 
RESULTS

83
Within the Chinshui Formation, the NRM carries multiple paleomagnetic components 84 with a main component of normal polarity (Fig. 1C) . Its ~40° counter clockwise deviation from 85 the modern dipole implies that this component is not a modern record. In comparison to the wall 86 rock, the analysis of the FZB1136 gouge reveals a stable and single characteristic remanent 87 magnetization of normal polarity, throughout its 16 cm-thick layer (Fig. 1D ). This component is 88 close to the 1999 international geomagnetic reference field from central Taiwan (Fig. 1C) . It 89 resides essentially in hard coercive minerals because ~60% of the NRM remains after 100 mT 90 alternating field demagnetization (Fig. 1E) . The thermal demagnetization of core fragment 91
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Page 5 of 14 reveals a linear decrease of NRM directed straight to the origin without evidence of secondary 92 components ( Fig. 2A) . This is confirmed by the analysis of directional data (not shown). The 93 analysis of the FZB1194 and FZB1243 gouges revealed multiple paleomagnetic components 94 with both normal and reverse magnetic polarities (Fig. 1C) . These components are lying in a 95 southern direction and at a distance from the 1999 IGRF magnetic dipole field. After comparing 96 the paleomagnetic results within the three fault zones and the wall rock, it is proposed that the 97 single component observed throughout the FZB1136 gouge is the most recent magnetic record, 98 and more than likely contemporaneous with the 1999 Chi-Chi seismic event. 99
The information is provided on the magnetic carriers of the FZB1136 gouge using the 100 unblocking temperature spectrum of NRM ( Fig. 2A) , transmission X-ray microscope 101 observations (Fig. 2B ) and the magnetic coercivity parameters (Fig. 2C) . Within the gouge, the 102 principal maximum unblocking temperature is close to 120 °C ( Fig. 2A ) and is consistent with 103 the Néel temperature of goethite (α-FeOOH, T N = 120 °C), a magnetically hard antiferromagnet 104 (Hunt et al., 1995). Transmission X-ray microscopy reveals the occurrence of scattered, 105 elongated (<5 µm long) and dense grains in the gouge, which are likely goethite (Fig. 2B) . 106
Within the Chi-Chi PSZ (1,136.38 m, Boullier et al., 2009), the maximum unblocking 107 temperature is close to 580 °C ( Fig. 2A) , which is the Curie temperature of magnetite (Fe 3 O 4 ), a 108 magnetically soft ferrimagnet (Hunt et al., 1995) . Thus, the single paleomagnetic component of 109
Chi-Chi PSZ resides, essentially, in magnetite. The record of coercivity parameters (S-ratio) 110 pinpoints the relative contribution of magnetite and goethite within the FZB1136 gouge (Fig. 2C) . 111
The S-ratio profile shows one relative minimum (magnetically hard) at 1,136. The paleomagnetic record in the 16 cm gouge is essentially carried by goethite and other 143 processes of magnetization should be viewed apart from the Chi-Chi's PSZ and baked contact. 144
To date, this is the first time that goethite has been reported in the Chelungpu fault. Nakamura 145 and Nagahama (2001) observed similar ~5 µm goethite within the Nojima fault gouge (Japan). 146
They suggested that the goethite growth postdates the grain alignment of silicate minerals. 147
Within the FZB1136, scattered ~5 µm elongated goethite could be observed, which supports the 148 theory that goethite growth postdates the broad texture of gouge (Fig. 2B) . In order to crystallize, 149 goethite requires water (free energy −488.6 kJ mol Therefore, we propose the following scenario of a cycle of magnetic record during a large 170 earthquake similar to Chi-Chi (Fig. 3) . 1) During inter-seismic periods, the magnetic record of 171 the latest large earthquake is preserved within the fault gouge. together in the gouge. In this study, the Chi-Chi gouge layer was identified using the orientation 184 of the magnetic record; the location of the mm-thick Chi-Chi's PSZ was pinpointed using rock 185 magnetism characteristics. This constitutes a new, fast and non-destructive way to find the most 186 recent PSZ. 187
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